Background: Although anal high-risk human papillomavirus (HR-HPV) infection and anal cytological abnormalities are highly prevalent among human immunodeficiency virus (HIV)-infected men who have sex with men (MSM), there are insufficient data on these abnormalities among HIV-infected heterosexual men (HSM) and women. In this study, we evaluated the prevalence of anal HR-HPV, cytological abnormalities, and performance of these screening tests in detecting high-grade anal intraepithelial neoplasia (AIN2+) among our cohort of HIVinfected MSM and non-MSM (HSM and women). Methods: A single-center, retrospective cohort study was conducted with HIV-infected individuals who underwent anal cancer screening with anal cytology and HR-HPV testing from January 2011 to January 31, 2013. Results: Screening of 221 HIV-infected individuals for both HR-HPV and anal cytology showed the presence of HR-HPV in 54% (abnormal anal cytology 48%) of MSM, 28% (abnormal anal cytology 28%) of HSM, and 27% (abnormal anal cytology 34%) of women. Among 117 (53%) individuals with abnormal results (HR-HPV-positive and/or cytology was atypical squamous cells of undetermined significance or above), 67 underwent high resolution anoscopy. Of these 67 individuals, 22 individuals had AIN2+ (17 MSM, four women, and one HSM). HR-HPV correlated better with AIN2+ than with anal cytology on biopsy in both MSM (r=0.29 versus r=0.10; P=0.08 versus P=0.09). Conclusion: Given the presence of AIN2+ in screened HIV-infected HSM and women, routine anal cancer screening in all HIV-infected individuals should be considered. HR-HPV merits further evaluation for anal cancer screening among non-MSM.
Introduction
The incidence of anal carcinoma has been increasing in human immunodeficiency virus (HIV)-infected individuals despite the implementation of antiretroviral therapy. 1 Among HIV-infected individuals, the incidence of anal cancer is highest in MSM (men who have sex with men), followed by "other" HIV-infected men and then women. 2 High-risk human papillomavirus (HR-HPV) is found in the majority of squamous cell anal cancers. 3 Routine screening for anal cancer is not yet recommended; however, with its increasing health burden, anal cancer screening among HIV-infected individuals may be beneficial. Several studies have evaluated the performance of anal cytology and HR-HPV for anal cancer screening in HIV-infected MSM; [5] [6] [7] [8] [9] however, an optimal anal cancer screening strategy among MSM is still debatable. A recent study reported that in HIV-infected MSM, direct use of high resolution anoscopy (HRA) is the most cost-effective strategy for detecting high-grade anal intraepithelial neoplasia (AIN2+= AIN2/3) compared with anal cytology or HR-HPV. 10 Although sufficient studies have evaluated the performance of anal cytology and HR-HPV in detecting anal dysplasia among HIV-infected MSM, there are limited data available for HIV-infected women [11] [12] [13] [14] and heterosexual men (HSM). 14, 15 At the University of Massachusetts Memorial Medical Center, anal cancer screening is offered routinely for all HIVinfected patients with both anal cytology and HR-HPV since January 1, 2011. If either of the screening tests is found to be abnormal, patients are referred to an on-site HRA clinic. We used this opportunity to determine the prevalence of abnormal anal cytology, HR-HPV infection, and the performance of these screening tests in detecting AIN2+ among our cohort of HIV-infected MSM, HSM, and women.
Materials and methods
This single-center, retrospective cohort study was approved by the University of Massachusetts Medical School institutional review board. All HIV-infected individuals were offered anal cytology and HR-HPV testing irrespective of gender and sexual orientation. Individuals with abnormal anal cytology and/or positive HR-HPV were referred to the HRA clinic. This study was conducted from January 1, 2011 to March 31, 2013. The study period included all patients who underwent routine anal cancer screening between January 1, 2011 and January 31, 2013, and their subsequent HRA clinic visit for an abnormal screening test by March 31, 2013.
Anal cytology specimens were collected by a moistened, nonlubricated polyester swab, which was inserted blindly (without the aid of an anoscope or proctoscope) two inches into the anal canal while rotating the swab to all sides of the anal canal. 9 The swab was quickly dipped in ThinPrep (Cytyc, Marlborough, MA, USA), which is a liquid-based cytology solution. Cytology specimens were categorized according to the Bethesda system 16 as benign, nondiagnostic due to inadequate sample, atypical squamous cells of undetermined significance (ASCUS), low-grade squamous intraepithelial lesion, high-grade squamous intraepithelial lesion and atypical squamous cells, and cannot rule out high-grade squamous intraepithelial lesion. Specimen adequacy was determined by the presence of 1-2 nucleated squamous cells per high power field. 16 The HR-HPV test was done according to the manufacturer's instructions on the anal cytology specimen using the Hybrid Capture 2 assay (Qiagen Corporation, Gaithersburg, MD, USA). The Hybrid Capture 2 assay utilizes probes for 13 types of oncogenic HPV for detection of HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 68. Low-risk HPV strains were not tested. However, the Hybrid Capture 2 assay has not been validated for detecting HR-HPV in the anus. All HRA procedures were performed in an outpatient clinic by a single infectious diseases physician (MW), who received training in HRA. The HRA was performed as described elsewhere. 8 After applying 3% acetic acid, the squamocolumnar junction, distal anal canal, and anal margin were visualized under magnification using a colposcope. Biopsies were performed when there were lesions suggestive of dysplasia with features such as acetowhite positive and punctuated coarse vascularization. Anal histology was graded as negative for dysplasia (benign), AIN1, AIN2, or AIN3.
Demographic and clinical characteristics were collected for all HIV-infected individuals who underwent anal cancer screening from electronic medical records. This information included age, sex, race, sexual orientation, CD4 count, current antiretroviral therapy, HIV viral load, history of acquired immune deficiency syndrome, smoking status, and history of intravenous drug use. For women, cervical cytology and cervical HR-HPV information was collected. Anal histology results were collected for individuals who underwent HRA and subsequent biopsy. In the presence of multiple histology results for a single patient, the highest grade histology result was considered for this study. The demographic and clinical characteristics were grouped for comparison. Categorical variables were compared using the Chi-square test or Fisher's Exact test as appropriate, and continuous variables were compared using the Wilcoxon rank sum test. The Spearman rank coefficient was used to study the correlation between HR-HPV and anal cytology in detecting AIN2+ on biopsy for the entire cohort, for MSM, and for non-MSM (HSM and women). The correlation coefficient was also calculated for cervical and anal canal cytology and HR-HPV, respectively. A P-value #0.05 was considered to be statistically significant. All statistical analyses were performed using Stata IC (Stata Corporation, College Station, TX, USA). 
Results
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Anal high-risk human papillomavirus infection anal cytology and HR-HPV. Baseline characteristics of the HIV-infected individuals were categorized as MSM, HSM, and women (Table 1 ). The median age for the entire cohort was 50 years (interquartile range 42-56 years) and 51% of the population were Caucasian. Significant differences among the three groups were noted for median age, current antiretroviral therapy, and history of intravenous drug use. These three characteristics were higher for HSM compared with the other two groups. Among 64 women who had information on cervical cytology and cervical high-risk HR-HPV, 17 (27%) had both cervical cytology and positive HR-HPV at one of their previous clinic visits ( Table 1) .
The prevalence of HR-HPV and abnormal cytology in the entire HIV-infected cohort was 40% (89 of 221) and 39% (87 of 221), respectively. The distribution of individuals, screening results, HRA, and biopsy results among the groups is shown in Figure 1 . An abnormal screening result (positive HR-HPV and/or abnormal anal cytology) was noted in 64% of MSM, 40% of HSM, and 43% of women. The prevalence of HR-HPV was 54% in MSM, 28% in HSM, and 27% in women (Table 2) . Similarly, abnormal anal cytology was positive in 48% of MSM, 28% of HSM, and 34% of women (Table 2) . ASCUS was the most common screening abnormality in anal cytology in all three groups. Among 117 individuals who had an abnormal screening result, 67 (57%) underwent HRA by March 31, 2013. Of these 67 individuals, histology showed AIN2+ in 17 (39%) MSM, four women (25%), and one HSM (12%).
The performance of anal cytology and HR-HPV in detecting AIN2+ was compared among 67 individuals (MSM, HSM, and women) who underwent HRA (Table 3) 
Discussion
This is the first study to our knowledge to use and report the relevance of anal cytology and HR-HPV in HIV-infected individuals irrespective of their sexual orientation. There are limited data available on the prevalence of anal HR-HPV [11] [12] [13] [14] In our study, the prevalence of anal HR-HPV was 27% in women. Although slightly higher, these results are close to those of two other studies (16% in the BMC and 14% in the WIHS). 11, 12 However, the SUN study reported a very high prevalence of 85% and the prevalence in the GRACE study was 44%. 13, 14 Some possible explanations for the variation in HR-HPV prevalence could be the number of HR-HPV strains included (22 strains in SUN versus 14 in GRACE, 13 in our study and the BMC study, and 12 in the WIHS study), the technique used (polymerase chain reaction versus hybridization), and the underlying differences in the study population. Similarly, the prevalence of HR-HPV among HSM was 28% in our study. Two previous studies in the USA reported a prevalence of 33% and 52%.
14,15 Our results were close to those of Wilkin et al, who used the same number of strains, while the SUN study, which included 22 strains, reported a higher prevalence of 52%. Among MSM, the HR-HPV prevalence was 54%, which is lower than previously reported. Three North American studies that utilized the Hybrid Capture 2 assay reported a prevalence of anal HR-HPV of 78%, 83%, and 88%. 5, 6, 15 It is unclear why the prevalence is low in our MSM cohort; however, several risk factors, such as low CD4 count, 17, 18 lack of HIV suppression, 17 frequency of receptive anal intercourse, 15, 17 and cervical HPV infection 12, 18 in women are associated with anal HPV infection. Differences in the distribution of these risk factors among study populations could possibly partially explain the 
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Anal high-risk human papillomavirus infection variation in HR-HPV prevalence in MSM and non-MSM. For example, in the study by Salit et al, 5 the median CD4 count among MSM was lower (390 versus 452) than in our cohort and the proportion of MSM with a CD4 count less than 200 was 18% versus 12% in our cohort.
Several studies have studied the prevalence of abnormal anal cytology among HIV-infected MSM; however, there are limited data on HSM and women. The prevalence of abnormal anal cytology among MSM in our study was 48%, which is slightly low when compared with other North American studies. 5, 14, 15, [19] [20] [21] [22] Detection of abnormal anal cytology is associated with risk factors 14 similar as anal HPV infection mentioned previously. Thus, the low prevalence of abnormal anal cytology in our MSM cohort could be partly explained by differences in the distribution of these risk factors. In the HSM cohort, the prevalence was 28%, which is within the previously reported range of 18%-31% among studies in North America. 15, 20, 21 Similarly, among women, the prevalence was 34%, which is also within the reported range of 11%-42% in other US studies. 13, 14, 20, 21, 23, 24 We noted a good correlation (r=0.59) between cervical and anal HR-HPV as reported previously, 12 indicating the importance of screening women with positive cervical HR-HPV for anal cancer.
In our study, we observed AIN2+ in HIV-infected women and HSM, consistent with previous studies demonstrating the need for anal cancer screening in all HIV-infected individuals. 12, 17, 18, 21 Studies evaluating the performance of anal cytology and HR-HPV in HIV-infected MSM were found to have high sensitivity but low specificity for detecting AIN2+. In addition, HR-HPV seems to have a high negative predictive value compared with anal cytology, but its high prevalence in HIV-infected MSM compromises its use for screening. 5, 6 HRA has been found to be the most cost-effective option for detecting AIN2+ among HIVinfected MSM because of these limitations with HR-HPV and anal cytology. 10 Conversely, studies evaluating the performance of these two tests, especially HR-HPV, are lacking among HIV-infected HSM and women. In the present study, the prevalence of HR-HPV in non-MSM was low compared with MSM, and correlated much better with AIN2+ when compared with anal cytology in both groups. In addition, AIN2+ was not detected in any individual with negative HR-HPV in our entire cohort (MSM and non-MSM), consistent with its high negative predictive value in previous HIVinfected MSM studies. However, our findings are limited by the fact that HRA-directed biopsies were done in individuals with abnormal screening results and only a small number of individuals in the non-MSM group underwent HRA. The poor correlation of anal cytology in our study with AIN2+ in HIV-infected women and HSM is consistent with other studies. 20, 21, 24 Overall, these findings demonstrate the need for further studies in larger populations to know the true prevalence of anal HR-HPV and its performance in detecting AIN2+ among HIV-infected HSM and women. If the HR-HPV prevalence in HIV-infected non-MSM is low (compared with MSM), as observed in our study, and if found to have a high negative predictive value, then it may have a role in anal cancer screening in HIV-infected non-MSM.
Our study has several limitations. Because of its retrospective nature, all information concerning self-reported sexual behavior was collected from medical records. There is a possibility that certain HSM may not have reported their true sexual behavior. Secondly, only individuals who had abnormal screening tests underwent HRA-directed biopsies, which could underestimate the degree of anal dysplasia in our cohort. In addition, all individuals who had abnormal screening tests did not undergo HRA, and the number of HSM and women who underwent HRA were small. Finally, this was a single-center study, and the results in our cohort may not be representative of the general HIV-infected population.
In conclusion, detection of AIN2+ in screened HIVinfected women and HSM demonstrates the need for routine anal cancer screening in all HIV-infected individuals. The low prevalence (compared with MSM) of HR-HPV and its better correlation with AIN2+ in non-MSM in our study 
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